The role of neutrophils in tuberculosis (TB) resistance and pathology is poorly understood. Neutrophil reactions are meant to target the offending pathogen but may lead to destruction of the host lung tissue, making the defending cells an enemy. Here, we show that mice of the I/St strain which are genetically susceptible to TB show an unusually high and prolonged neutrophil accumulation in their lungs after intratracheal infection. Compared to neutrophils from more resistant A/Sn mice, I/St neutrophils display an increased mobility and tissue influx, prolonged lifespan, low expression of the CD95 (Fas) apoptotic receptor, relative resistance to apoptosis, and an increased phagocytic capacity for mycobacteria. Segregation genetic analysis in (I/St ؋ A/Sn)F 2 hybrids indicates that the alleles of I/St origin at the chromosome 3 and 17 quantitative trait loci which are involved in the control of TB severity also determine a high level of neutrophil influx. These features, along with the poor ability of neutrophils to restrict mycobacterial growth compared to that of lung macrophages, indicate that the prevalence of neutrophils in TB inflammation contributes to the development of pathology, rather than protection of the host, and that neutrophils may play the role of a "Trojan horse" for mycobacteria.
The hallmark of pulmonary tuberculosis (TB) is recruitment to the lung tissue and activation of inflammatory cells, resulting in granuloma formation (40) . This response restricts mycobacterial dissemination and provides defense of the lung against TB. However, it can lead to extensive tissue damage, resulting both in the reduced lung function and in the aerosol transmission of mycobacteria released from disintegrating granulomas (36) . An inflammatory tuberculous lesion consists of a central area of mycobacterium-infected macrophages surrounded by noninfected phagocytes and lymphocytes found at the periphery (19) . Whereas the contributions of macrophages and lymphocytes to TB resistance, including effector functions, antigen presentation, and cytokine production, have been well characterized (12, 31, 44) , the role of polymorphonuclear cells (PMNs) has received little attention.
In infectious inflammation, PMNs (principally neutrophils) are the first phagocytes to arrive from the circulation and attempt to eliminate invading pathogens via oxygen-dependent and oxygen-independent mechanisms. The former mechanism results from the generation of reactive oxygen species (27) , whereas the latter mechanism reflects the capacity of PMNs to degranulate and release preformed oxidants and proteolytic enzymes from granules (3, 48) . Neutrophil degranulation is meant to target the offending pathogen; however, these powerful substances may cause the destruction of neighboring cells and dissolution of tissue (13, 23) . This neutrophil-dependent tissue damage is known as the neutrophil paradox, where the defending cells become an enemy (47) . Thus, a strict regulation of neutrophil influx and their turnover in infected tissues is essential for minimizing tissue damage.
PMNs have been implicated in the control of mycobacterial infections (14, 32) , but it is not known whether these cells have direct protective functions. Initial in vitro studies suggested that human neutrophils are able to kill virulent Mycobacterium tuberculosis (7, 17) ; however, more-recent reports did not confirm these results (9) . The recruitment of PMNs to the lung has been described for acute TB (20, 41) and in experimental animals infected with mycobacteria (1, 21) . Human and animal studies indicate that neutrophils, while not very helpful in mycobacterial clearance themselves (18, 42) , may play an important role in the transition from innate to adaptive immune responses by producing critical cytokines and chemokines (8, 33, 39) . Although this immunomodulatory function has been demonstrated for many intracellular infections, including TB (5, 34, 46) , the pleotropic nature of mediators leaves unresolved the exact contribution of neutrophils to TB resistance and pathogenesis.
One approach to close this gap in our knowledge was to study neutrophil reactions in strains of mice with genetically determined differences in the severity of TB, accompanied by distinct patterns of lung inflammation and pathology. Earlier, we reported that mice of the I/St and A/Sn strains differ substantially in their susceptibility to M. tuberculosis infection, the degree of lung pathology, and the dynamics of macrophage and T-cell accumulation in the lungs (11, 25, 30) . This complex phenotype is under polygenic, Nramp1-independent control, which involves quantitative trait loci (QTLs) located on chromosomes 3, 9, 17, and X (22, 37) . In the present work, we assessed in vivo and in vitro the capacity of neutrophils from I/St and A/Sn mice to migrate in response to mycobacteria, to engulf and kill the bacilli, to undergo apoptosis, and to produce immune response mediators. Our results suggest that, in highly susceptible I/St mice, neutrophils play the role of a "Trojan horse" for mycobacteria and contribute to the development of severe lung inflammation rather than protection of the host.
MATERIALS AND METHODS
Animals. Inbred mice of the I/StYCit (I/St) and A/JSnYCit (A/Sn) strains and their (A/Sn ϫ I/St)F 2 hybrids were bred under conventional conditions at the Animal Facilities of the Central Institute for Tuberculosis (Moscow, Russia) in accordance with guidelines from the Russian Ministry of Health (no. 755) and National Institutes of Health Office of Laboratory Animal Welfare (assurance no. A5502-01). Water and food were provided ad libitum. Male mice 2 to 4 months of age were used. All experimental procedures were approved by the institutional animal care committee.
Bacteria, infection, and neutrophil counts. To induce experimental TB, male mice 2 to 4 months of age were infected intratracheally (i.t.) with 10 3 CFU of M. tuberculosis strain H37Rv/mouse. Establishment and storage of mycobacteria (30) , as well as the protocol for i.t. challenge (11), were as previously described. To study acute neutrophil influx into the peritoneal cavities and lungs, mice were injected intraperitoneally (i.p.) or i.t. with 10 8 H37Rv CFU/mouse and sacrificed 2 to 3 h postchallenge. Peritoneal cavities were washed with phosphate-buffered saline (PBS)-EDTA, and lung cell suspensions were obtained by enzymatic disruption (25) . In Giemsa-stained cytospin preparations, the neutrophil content was estimated by counting neutrophils in at least 40 microscopic fields per spot (Ͼ300 cells).
Purification of peritoneal neutrophils. Neutrophils were isolated from peritonal cavities 18 h postinjection of 2 ml of 3% peptone in saline. Peritoneal exudates were collected, and cells were washed and separated on a two-step Percoll gradient (1.073-and 1.083-g/ml layers) by centrifugation at 450 ϫ g and 20°C. The neutrophil-rich cell bands were collected, washed in PBS, stained with Giemsa stain, and examined microscopically. Neutrophil purity was consistently Ͼ95%, with a viability of Ͼ99% by trypan blue exclusion.
Cytological examination of lung prints. The right lungs from infected mice were cut, pressed once against filter paper, and serially printed onto glass microscope slides. Prints were dried, fixed with 96% ethanol, and stained for the presence of acid-fast bacilli by using the Ziehl-Neelsen method with Giemsa counterstaining.
Mycobacterial phagocytosis in vivo and in vitro. Mice were injected i.p. with 3% peptone followed 18 h later by either 10 8 mycobacterial CFU or 10 8 zymosan particles (Sigma, St. Louis, Mo.) per mouse and then sacrificed 2.5 h postchallenge. The peritoneal cavity cells were washed three times to remove extracellular mycobacteria and particles. Individual cytospin preparations were stained exactly as described above for lung prints and evaluated microscopically. These procedures resulted in Ͼ95% pure neutrophil preparations containing exclusively intracellular mycobacteria (Fig. 4) .
For the assessment of mycobacterial phagocytosis in vitro, peritoneal neutrophils from noninfected mice (3 ϫ 10 5 cells/well of a flat-bottomed 96-well plate) were incubated at 37°C with M. tuberculosis at a multiplicity of infection (MOI) of 10:1 in antibiotic-free, supplemented Dulbecco's modified Eagle medium. To evaluate the role of opsonization, 10% of either freshly isolated or heat-inactivated (HI) autologous mouse serum or HI fetal calf serum (FCS) was added. After a 2-h incubation, neutrophils were detached from the plastic with PBS-EDTA and washed to remove extracellular mycobacteria. The proportion of infected cells was determined by a microsopic evaluation of Ͼ200 ZiehlNeelsen-Giemsa-stained neutrophils in cytospin preparations.
Transmigration assay. Chemotaxis was evaluated in 24-well transwell plates with 3-m-pore-size filters (Costar-Corning, Badhoevedorp, The Netherlands). Lower chambers were filled with either culture medium (RPMI 1640) alone, medium containing 20 g of M. tuberculosis H37Rv sonicate/ml, noninfected interstitial lung macrophages (3.5 ϫ 10 5 cells/well), or lung macrophages infected with mycobacteria at an MOI of 10:1. Isolation and infection of interstitial lung macrophages were done as previously described (26) . A total of 10 6 peritoneal exudate cells in 100 l of medium were added to the upper chambers and allowed to migrate through the membrane for 1 h at 37°C. The transmigrated cells were collected totally from the lower chamber, stained with anti-Ly-6G ϩ monoclonal antibodies (MAbs) (clone RB6-8C5; Caltag Laboratories, Burlingame, Calif.), and evaluated using FACSCalibur (Becton Dickinson, San Jose, Calif.).
Fluorescence-activated cell sorter analysis. The following directly conjugated MAbs were used in different combinations following blocking of Fc receptors with anti-CD16/CD32 MAbs: PE-anti-CD62L, PE-anti-CD18, PE-anti-CD11b, PE-anti-CD95, and PE-anti-CD95L. Apoptosis was evaluated by Annexin Vpropidium iodide staining. All fluorochrome-labeled reagents were purchased from BD-PharMingen (San Diego, Calif.). Cells were analyzed by flow cytometry using MultiGraph and FlowJo software.
Soluble mediators. Lung cells (2 ϫ 10 6 /ml) were cultured in the presence or absence of 10 g of H37Rv sonicate/ml. Interleukin-6 (IL-6) and MIP-2 were measured in 48-h culture supernatants using enzyme-linked immunosorbent assay kits from PharMingen. To measure active transforming growth factor ␤ 1 (TGF-␤ 1 ), lung cells were cultured in the medium containing 1% mouse serum since FCS contains endogenous TGF-␤ 1 . Samples were analyzed using a TGF-␤ 1 E max immunoassay (Promega, Madison, Wis.).
Antimycobacterial activity of neutrophils. The growth of mycobacteria in neutrophils in vitro was estimated using [ 3 H]uracil uptake (26) . Neutrophils were recovered from peritoneal cavities and plated at 3 ϫ 10 5 cells/well in supplemented RPMI 1640 medium containing 10% fresh autologous mouse serum. Cells were allowed to adhere for 1 h, and mycobacteria were added at different MOIs. Mycobacteria cultured without neutrophils and neutrophils cultured in the absence of mycobacteria served as controls. Cultures were pulsed with 1 Ci of [
3 H]uracil/well for the last 18 h of 24-h incubation, and [ 3 H]uracil uptake was measured in a liquid scintillation counter (Wallac, Turku, Finland).
Genotyping of F 2 mice. Genotypes of the SSLPs D3Mit215, D9Mit89, and D17Mit175 were determined in (I/St ϫ A/Sn)F 2 mice by using PCR performed with isolated tail DNA as previously described (22, 37) .
Statistical analysis. Significance of the differences was estimated using an unpaired Student's t test and the Mann-Whitney U test. Data were expressed as means Ϯ standard errors of the means; P Ͻ 0.05 was considered statistically significant.
RESULTS
Neutrophil inflammation, recruitment, and mobility in TBsusceptible and -resistant mice. We first determined whether or not susceptible I/St mice differ from resistant A/Sn mice regarding the dynamics of lung neutrophil infiltration after infection. A pronounced accumulation of Ly-6G-positive cells (neutrophils) was observed exclusively in the lungs of I/St mice starting at week 1 and peaking between weeks 2 and 3 postinfection ( Fig. 1a and b) . Microscopic examination of the lung prints at week 3 postinfection demonstrated that the proportions of cells with typical polysegmented neutrophil nuclei were 19.2% Ϯ 2.0% and 3.7% Ϯ 0.5% (P Ͻ 0.008) in I/St and A/Sn mice, respectively. Ziehl-Neelsen staining revealed numerous mycobacteria inside I/St neutrophils (Fig. 1c) , whereas no bacilli were detected in A/Sn neutrophils (results not shown).
We asked whether the difference in neutrophil accumulation in the lungs between the two strains of mice was due to a different capacity to migrate to the site of M. tuberculosis infection. First, we challenged I/St and A/Sn mice i.t. or i.p. with live M. tuberculosis and estimated the proportion of Ly-6G ϩ cells in lung and peritoneal exudate cells. The proportion of neutrophils recruited to the two different sites of infection was significantly (P Ͻ 0.01) higher in I/St mice than that in A/Sn mice (Fig. 1d) . There was no detectable neutrophil influx in PBS-injected control mice. We next compared the migration capacity of I/St and A/Sn neutrophils by an in vitro transwell assay. Peritoneal exudate cells recovered from both I/St and A/Sn mice at day 5 after peptone injection contained ϳ60% PMNs and ϳ40% mononuclear cells (Fig. 1e) . These cells were allowed to migrate toward mycobacterium-infected lung macrophages, mycobacteria alone, mycobacterial sonicate, or medium alone. Irrespective of mouse strain, only PMNs but not monocytes migrated to the bottom chamber (Fig. 1f) , and the number of migrating cells was ϳ6-fold higher (P Ͻ 0.01) in I/St cultures than in A/Sn cultures ( Fig. 1g and h) . Interestingly, the number of migrating neutrophils did not depend upon the presence of an infectious stimulus (Fig. 1h) , suggesting that I/St neutrophils have an intrinsically higher migration activity.
We also evaluated whether activation following migration to extravascular sites is impaired in A/Sn neutrophils. CD62L (L-selectin), the molecule mediating neutrophil-endothelial interaction, is down-regulated after neutrophil tissue homing and activation (6) . In contrast, the expression of CD11b, an ␣ M subunit of the Mac-1 integrin, increases upon neutrophil activation (29) . We compared the expression of these molecules in blood and lung neutrophils at week 3 post-TB challenge. Both A/Sn and I/St neutrophils lost their resting CD62L hi CD11b lo phenotype and acquired an activated CD62L lo CD11b hi surface phenotype after leaving circulation ( Fig. 2a and b) . Interestingly, the second ␤ 2 (CD18) subunit of Mac-1 was almost identically expressed in blood and lung neutrophils (Fig. 2c) , indicating that CD11b-specific rather than broader anti-Mac-1 antibodies should be used to assess cell activation. In a transmigration assay of peptone-attracted peritoneal cavity cells (e), neutrophils selectively migrated through a microporous filter in response to mycobacterial sonicate (f and g). There was a sixfold interstrain difference in the migration capacity of neutrophils (g and h), which did not depend upon migration stimulus (h). A P of Ͻ0.01 between I/St and A/Sn mice in panels a, b, d, g, and h is given for three to six independent experiments (total n ϭ 12 to 24), and error bars represent the standard deviations from a Student's t test.
I/St neutrophils do not express CD95, are resistant to apoptosis, and have a longer lifespan. Although extravascular neutrophils live longer than circulating neutrophils, they still are short-lived cells and their lifespan is an important factor which determines the size of the neutrophil population at the inflamed site. Fas-mediated interactions play a fundamental role in the regulation of neutrophil apoptosis (24) , and differences in Fas (CD95) expression may explain the difference in neutrophil survival. To address this issue, we compared the levels of Fas and Fas-ligand expression on circulating and lung neutrophils in I/St and A/Sn mice before and after TB infection. In naive I/St mice, neither blood nor lung neutrophils expressed CD95 and the proportion of CD95 ϩ neutrophils increased only slightly 3 weeks postchallenge (Fig. 3A) . In naive A/Sn mice, the proportion of CD95 ϩ cells among circulating neutrophils was also low; however, in the lungs, it exceeded 20%. Moreover, after TB challenge, the proportion of CD95 ϩ neutrophils significantly increased in A/Sn mice, reaching ϳ75% in circulation and ϳ40% in the lung tissue (Fig. 3A) . Neither blood nor lung neutrophils expressed CD95L.
We then compared I/St and A/Sn neutrophil apoptotic death and survival time. Given that both peritoneal and lung neutrophils display an activated, tissue-associated phenotype, we extracted neutrophils from peritoneal cavities after 18-h peptone stimulation, incubated them in vitro, and examined the proportion of apoptotic cells. As early as 8 h into culturing, a significantly (P Ͻ 0.01) high proportion of A/Sn neutrophils expressed the Annexin V ϩ propidium iodide ϩ late-apoptoticstage phenotype compared to that for I/St neutrophils (Fig.  3B) . After 20 h of culture, ϳ70% of I/St neutrophils looked alive whereas no live A/Sn neutrophils remained in cultures ( Fig. 3C ; confirmed also by trypan blue exclusion). Thus, there was a substantial difference in the lifespans of I/St and A/Sn neutrophils.
Taken together, these results suggest that I/St neutrophils live longer and are more resistant to CD95-mediated apoptosis. Their A/Sn counterparts have a shorter lifespan and readily acquire the CD95-positive phenotype following TB challenge.
Interstrain differences in neutrophil mycobacterial phagocytosis. To establish the possible role of neutrophils in TB defense and/or pathology, we examined whether neutrophils from the two mouse strains differ in their ability to ingest mycobacteria. Neutrophils were attracted to peritoneal cavities by 18-h peptone stimulus, mycobacteria were injected at a high dose, and cytospin cell preparations were obtained 2.5 h postchallenge and examined microscopically. Neutrophil infiltration was substantially more massive, and mycobacterial phagocytosis was significantly higher in I/St mice (Fig. 4a) . These differences were nonspecific and based solely on genetic differences between mouse strains, as analogous results were obtained with zymosan particles (Fig. 4b) . About half of I/St neutrophils contained intracellular mycobacteria (Fig. 4c) , whereas A/Sn neutrophils contained only a few bacilli (Fig.  4d) .
To examine whether the capacity of neutrophils to ingest mycobacteria and/or whether interstrain differences in phagocytosis efficacy depend upon opsonization, we assessed phagocytosis in cultures supplemented with HI FCS or normal mouse serum, as well as autologous or heterologous (reciprocal) fresh mouse serum. I/St and A/Sn neutrophils ingested mycobacteria much more efficiently in the presence of fresh serum than those with HI serum, with inactivated FCS providing almost no opsonization ( Fig. 4e and f) . The efficacy of phagocytosis in vitro was similar in the presence of I/St and A/Sn sera and in cultures supplemented with autologous and heterologous sera (data not shown), indicating that interstrain differences in opsonin-dependent mycobacterial phagocytosis are not due to the lack of opsonins in the A/Sn serum.
Capacity of neutrophils to inhibit mycobacterial growth is low. The ability of neutrophils to kill virulent M. tuberculosis remains controversial (7, 9, 17) . The presence of numerous neutrophils containing mycobacteria in the lungs of I/St mice may reflect a compensatory line of defense to replace other mechanisms or a convenient niche for mycobacterial survival in the face of an inflammatory response. Thus, it was important to find out whether neutrophils are capable of inhibiting mycobacterial growth and whether I/St and A/Sn mice differ in this regard. To this end, we used a surrogate [ 3 H]uracil assay which provided an accurate evaluation of mycobacterial growth in phagocytic cells (26) .
Infection of neutrophils with mycobacteria at various MOIs showed that neutrophils from two strains of mice display equally low levels of bacteriostatic activity (Fig. 5a) . In A/Sn mice versus in I/St mice, the capacity of neutrophils to inhibit mycobacterial growth was significantly lower than that of infected lung macrophages (Fig. 5b ) (see also reference 26), and, by contrast to the latter, did not increase after adding exogenous gamma interferon (IFN-␥) (Fig. 5a and b) . No detectable nitric oxide production by mycobacterium-infected neutrophils was observed.
Chemokine and cytokine production by lung cells. Neutrophil migration from the bloodstream depends upon a complex network of chemokines and cytokines with a high degree of functional redundancy, so quantitative differences in the production of some of these mediators by lung cells may or may not underlie interstrain differences in neutrophil inflammation. , neutrophil yield, percent phagocytosis, and phagocytic numbers were significantly higher (P Ͻ 0.01, mean Ϯ standard error of the mean from four independent experiments, three mice each, Mann-Whitney U test) in peritoneal cavities of I/St mice than in those in A/Sn mice. Mycobacterial phagocytosis is opsonin dependent, and the serum from A/Sn mice has unimpaired opsonizing properties (e and f). hi, heat inactivated; NMS, normal mouse serum.
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NEUTROPHIL RESPONSE TO MYCOBACTERIA AND TB SEVERITY 1749 ϳ2 times less active TGF-␤ 1 (Fig. 5d) , a mediator capable of inhibiting endothelial adhesiveness and transmigration of blood neutrophils (16, 43) . Thus, interstrain differences in the level of neutrophil inflammation may be due, at least in part, to genetic variability in the level of immune mediators in the lungs of mice. Neutrophil inflammation and TB severity are controlled by the same QTLs. Earlier, we reported that, in the I/St-A/Sn strain combination, several epistatically interacting QTLs located on chromosomes 3, 9, 17, and X control the postinfection body weight loss and time to death (22, 37) . It was important to find out whether or not the degree of the lung neutrophil inflammation is also controlled by this genetic network. We genotyped a set of segregating (I/St ϫ A/Sn)F 2 mice for the alleles of I/St (i) and A/Sn (a) origins at the microsatellite markers D3Mit215, D9Mit89, and D17Mit175 (linkage peaks with the polar TB severity phenotypes), infected these animals with TB, and individually estimated the percentage of Ly-6G-positive cells in their lungs at week 3 postinfection.
The proportion of lung neutrophils varied substantially between F 2 mice, suggesting polygenic control of this trait (Fig.  6A) . Following genotypic stratification, it appeared that the recessive i allele at the D3Mit215 locus and the dominant i allele at the D17Mit175 locus determine a high level of neutrophil inflammation; the proportion of neutrophils was markedly higher in D3Mit215 i/i (Fig. 6B ) and in D17Mit175 i/ϳ (Fig.  6C) mice. Accumulation of neutrophils in the lungs following TB challenge was significantly higher in mice bearing the combined D3Mit215 i/i D17Mit175 i/ϳ genotype than in animals bearing all other allelic combinations (Fig. 6D) . A formal genetic confirmation that i alleles at the loci which control TB severity also determine a high level of neutrophil influx strongly suggests that neutrophil inflammation indeed underlies an unfavorable anti-TB response.
DISCUSSION
The importance of interactions between neutrophils and mycobacteria is highlighted by the fact that, very early after infection via the respiratory route, neutrophils are recruited to the lungs. Nevertheless, animal models have failed to demonstrate a clear mechanism whereby neutrophils contribute to defense against mycobacteria, due primarily to conflicting data (2, 14, 32) . The use of TB-resistant A/Sn and TB-susceptible I/St mouse strains, which represent polar extremes of the susceptibility spectrum, has facilitated the study of functional and genetic aspects of neutrophil responses to mycobacteria.
In the present study, we show for the first time that accumulation of neutrophils in the lungs shortly after infection is characteristic of susceptible but not resistant mice (Fig. 1) . Furthermore, tissue neutrophils from susceptible mice have a significantly higher migration capacity in vivo and in vitro (Fig.  1) , survive longer (Fig. 3) , and contain significantly more intracellular mycobacteria ( Fig. 1 and 4) . Importantly, neutrophils display a weak antimycobacterial activity and, unlike lung macrophages, are resistant to activation by IFN-␥ (Fig. 5) . Given that, in our TB model, lung cells from I/St mice produce significant amounts of IFN-␥ (Ͼ40 ng/ml [11] ) up to the week 3 post-TB challenge (i.e., around the neutrophil peak [ Fig. 1a and b]), we suggest that, in the infected I/St mice, an abundant and relatively long-living lung neutrophil population may promote mycobacterial survival by temporarily "hiding" bacilli from ingestion by activated macrophages. Thus, neutrophils contribute to the disease's progression rather than to host protection.
The majority of studies addressing neutrophil functions have been performed using human peripheral blood PMNs, traditionally referred to as resting PMNs (15) . This experimental system has at least two disadvantages which probably account for the conflicting results obtained by different research groups. First, neutrophil surface phenotype and functional activity strongly depend upon the genetic background of the donor. As shown above, mice of different inbred strains differ substantially with regard to the neutrophils' migration capacity, phagocytic activity, expression of apoptotic markers, and lifespan. Thus, caution should be exercised when generalizing data obtained in genetically heterogeneous populations and in estimating the size of the sample necessary to obtain sufficient statistical power. Second, as the result of cytokine exposure, shifts in surface molecule expression during migration, and the change in microenvironment, tissue neutrophils differ profoundly from blood neutrophils (15) . For example, compared to circulating PMNs, neutrophils recruited to peripheral tissues have a longer survival time because they are rescued from the constitutive apoptotic pathway (10) . Prolonged survival of neutrophils in tissues may result in protection against some infectious agents but may also cause tissue damage. We found that, in A/Sn-resistant (but not in I/St-susceptible) mice, both anatomic location and exposure to TB infection influence the expression of the CD95 apoptotic marker (Fig. 3) . Thus, not only do neutrophils recovered from the lungs and blood differ physiologically but their site-specific features depend upon the genetics of the host.
The functional role of neutrophils is often assessed by their short-term depletion in vivo using anti-Ly-6G RB6-8C5 MAbs. It was shown that neutrophil depletion in the very early stages of infections caused by Toxoplasma gondii and Candida albicans exacerbates the disease (4, 35) ; similar results were obtained in a murine TB model (32, 42) . However, neutrophil depletion started later than day 2 of infection showed no effect, suggesting that neutrophils exert their protective function exclusively during the initiation of response. In our system, neutrophil influx into the lungs of susceptible mice occurred between weeks 1 and 3 of infection ( Fig. 1 ) and at this stage was deleterious rather than protective. Considering antineutrophil immunotherapy with antibodies, we concluded that multiple injections would be needed to achieve a significant neutrophil exhaustion throughout a 2-week interval. It was shown, however, that sera from mice that received multiple injections of antiLy-6G RB6-8C5 antibodies contain high titers of blocking anti-RB6-8C5 immunoglobulin (14) . Moreover, it was shown that anti-RB6-8C5 antibodies readily arise after as few as two anti-Ly-6G antibody injections (42) . Thus, the immunogenic properties of antineutrophil antibodies preclude their usage when neutrophil inflammation is prolonged. In addition, the anti-Ly-6G antibody was shown to remove a subset of CD8 ϩ T cells (28) , thus hampering interpretation of the results.
An important aspect of neutrophil inflammation is the balance between attraction of neutrophils to, and their elimination from, the inflamed tissue. Neutrophil apoptosis, followed by their phagocytosis by macrophages, provides a mechanism for the safe removal of neutrophils from the site of inflamma- tion, thereby minimizing the risk of tissue damage (38) . In this study, we showed that I/St neutrophils have an increased mobility which allows a more rapid migration into the lung tissue, have a longer survival time than their A/Sn counterparts, and do not up-regulate CD95 expression when leaving circulation (Fig. 3) . As infection progresses, a higher proportion of blood and lung A/Sn, but not I/St, neutrophils expresses the CD95 apoptotic receptor, the ligation of which results in Fas-induced cell death. Thus, the turnover of A/Sn neutrophils in the lung appears to be strictly controlled, whereas in I/St mice, overwhelming neutrophil inflammation may lead to lung pathology and an increase in the severity of TB disease. The involvement of some QTLs which control the disease severity (37) in the regulation of the neutrophil influx into infected lung (Fig. 6 ) clearly points at a pathogenic role for this aspect of the inflammatory response.
